To validate the molecular description of the observed Z b (10610)/Z b (10650) and Z c (3900)/Z c (4025), it is valuable to investigate their counterparts, denoted as Z (′) QV in this work, and the corresponding decay modes. In this work, we present an analysis of the Z (′) QV using flavor symmetry. We also use the effective Lagrangian based on the heavy quark symmetry to explore the rescattering mechanism and calculate the partial widths for the isospin conserved channels Z (′) QV → η Q V . The predicted partial widths are of an order of MeV for Z QV → η Q V , which correspond to branching ratios of the order of 10 −2 ∼ 10 −1 .
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I. INTRODUCTION
In the past few years, experiments have made great progress on the observations of XY Z states and some of them cannot be accommodated in the quark model as QQ mesons [1] . Among these states, charged charmoniumlike and bottomoniumlike have attracted special attention due to their four-quark nature [2] [3] [4] [5] . In 2011, the Belle Collaboration reported two charged bottomoniumlike structures, Z ± b (10610) and Z ± b (10650), in the Υ(nS)π ± (n = 1, 2, 3) and h b (mP )π ± (m = 1, 2) invariant mass spectra of e + e − → Υ(5S) → Υ(nS)π + π − and e + e − → Υ(5S) → h b (mP )π + π − [6, 7] .
The measured masses of Z ± b (10610) and Z ± b (10650) are slightly above the BB * and B * B * thresholds, respectively. In 2013, the BESIII Collaboration observed a new charged state Z ± c (3900) in the J/ψπ ± invariant mass spectrum of Y (4260) → J/ψπ + π − [8] . Later, this new charged charmoniumlike structure was also observed in the J/ψπ ± invariant mass spectrum by the Belle Collabo- * gli@mail.qfnu.edu.cn ration [9] and confirmed by an analysis based on the CLEO data at the energy of 4.17 GeV [10] .
Another new charged structure, Z ± c (4025), was reported in the process e + e − → (D * D * ) ± π ∓ at √ s = 4.26 GeV by the BESIII Collaboration [11] . Different from the other charmoniumlike and bottomoniumlike states, such as X(3872), Y (4260) ,etc., Z b states immediately initiated numerous studies of their structure, production, and decay mechanisms. Since the masses of the discovered states lie slightly above the meson-meson thresholds, it has been suggested that they are S-wave molecular states of heavy meson pair thresholds, i.e., B ( * )B * and D ( * )D * [12] [13] [14] [15] [16] . Besides this explanation, these states also have been identified as tetraquark states based on the fact that these particles have a typical hadronic total width of a few tens of MeV [17] [18] [19] [20] . Besides the spectrum study, the production and decay of Z b states have also been investigated extensively [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . On one hand, the molecular description can explain the existing data on
b ; on the other hand, this interpretation has predicted more counterpart states to be discovered. In this work, we will investigate these new hidden heavy quarkonium states and more particularly the isospin conserved processes Z (′) QV → η Q V which are of substantial importance in discovering these new states. As is well known, the intermediate meson loop transitions have been an important nonperturbative transition mechanism in many processes, and their impact on the heavy quarkonium transitions has been noticed for a long time [31] [32] [33] . Recently, this mechanism has been applied to study B decays [34, 35] and the production and decays of exotic states [14-16, 27-30, 36-47] , and a global agreement with experimental data was obtained. Inspired by this agreement, we shall adopt the effective Lagrangian approach (ELA) to study the decays Z (′)
The rest of this paper is organized as follows. In Sec. II, we present the possible molecular states composed of one pseudoscalar and one-vector (P -V ) heavy mesons and two-vector (V -V ) heavy mesons. In Sec. III, we will introduce the formulas for ELA. In Sec. IV, the numerical results are presented, and a brief summary is given in Sec. V.
II. HADRONIC MOLECULAR STATES
For simplicity, we use Z In Table. I, we collect the possible molecular states composed of one pseudoscalar and one vector 
(P -V ) heavy mesons and two vector (V -V ) heavy mesons. The quantum number is
Our calculation is based on the assumption that the Z (′) QV are S-wave H ( * )H ( * ) molecular states.
The relevant Lagrangians for Z (′)
QV coupled to a pair of heavy mesons can be expressed as
where H and H * denote the pseudoscalar and vector heavy meson fields, respectively, i.e., 
The Lagrangian describing the interactions between S-wave heavy mesons and light vector mesons are as follows [34, 49] :
In the chiral and heavy quark limits, the heavy meson couplings to the light vector meson have the following relationships [34, 49] ,
where f π = 132 MeV is the pion decay constant, the parameters g V respect the relation g V = m ρ /f π [49] . We take β = 0.9, λ = 0.56 GeV −1 , and g = 0.59 [50] .
Based on the heavy quark symmetry [49, 51] , the Lagrangians for the S-wave η Q couplings to H and H * are The following couplings are adopted in the numerical calculations:
where
MeV is obtained via the experiment data [1] . Based on the relevant Lagrangians given above, the loop transition amplitudes for the transitions in Figs. 1 and 2 can be expressed in a general form in the effective Lagrangian approach as follows:
where 
where Λ i ≡ m i + αΛ QCD and the QCD energy scale Λ QCD = 220 MeV. This parameter scheme has been applied extensively in other works [29, 34, 37, 52, 53] . This form factor is supposed to offset the off-shell effects of the exchanged mesons [34, [54] [55] [56] and the form factor parameter should be determined by experimental information. The explicit expression of the transition amplitudes can be found in the Appendix V.
IV. NUMERICAL RESULTS
The molecule is the pole of the S matrix. As a result, it could be bound state (on a physical sheet below the threshold of constituent particles), virtual state (on an unphysical sheet below the threshold), or resonance (on an unphysical sheet above the threshold) [13, [57] [58] [59] [60] [61] . In our case, we assume these exotic states studied here are resonances and can decay into their constituent particles. In Table II , we list the meson masses involved in our calculation. Based on masses of Tables III-VI. As can be seen in Table III , the predicted partial widths of Z cV → η c V are less sensitive to the cutoff parameter α and the binding energy E Z . The partial widths are about 1 MeV, except for
It is noteworthy to recall that the experimental measurements for Γ(Z cρ ) is 39.2 ± 10.5
MeV [8] [9] [10] . If these Z cV have similar widths, our results would indicate a sizable branching fractions, at least 10 −2 , for these decays. The partial width is only about 0.1 MeV for Z cφ → η c φ, which is because the phase space is much smaller with the E Z values considered in the calculations.
In Table IV , we list the partial widths of Z ′ cV → η c V . The behavior is similar to that of Z cV → η c V . The predicted partial widths are about several keV for Z ′ cφ → η c φ and tens of keV for other Z ′ cV → η c V . If we assume that the Z ′ cV have a width similar to Z c (4020), i.e., 9.7 ± 3.2 MeV, the corresponding branching ratios are about 10 −3 , which is about 1-2 orders of magnitude smaller than that of Z cV → η c V . As shown in Figs. 1 and 2 , there are three kinds of diagrams for 
